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® Semiconductor memory device* 



© Island layers (14) defined by grooves (12) are 
formed on a p + -type silicon substrate (10). One 
memory cell having a MOS capacitor (C) and a 
MOSFET transistor (Q) is formed in each island 
layer (14). The MOS capacitor (C) is buried in a 
groove (12) surrounding the island layer (14) and has 
a capacitor electrode (22) insulatively provided over 
the bottom surface of the groove (12) and an nMype 
semiconductor layer (20) formed in a ring-shaped 
manner in the side surface region of the groove (12) 
and facing the capacitor electrode (22). The MOS- 
FET (Q) has a ring-shaped gate electrode (28) 
formed in the groove (12) to be insulatively stacked 
Clover the capacitor electrode (22). The gate electrode 
^(28) faces a p-type channel region (26) formed in a 
^ ring-shaped manner in the side surface region of the 
O) island layer (14). Only a drain layer (32) is formed in 
lO the top surface region of the island layer (14). 
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Semiconductor memory device 



The present invention relates to semiconductor 
memory devices and, more particularly, to a dy- 
namic semiconductor memory device each cell of 
which consists of a transistor and a capacitor. 

Dynamic random access memories (to be re- 
ferred to as dRAMs hereinafter) are represented by 
a MOS dRAM having cells each consisting of a 
MOS capacitor and a MOS transistor (MOSFET). In 
dRAMs of this type, w 1" or "0" digital data is 
stored in accordance with whether a charge is 
stored in its MOS capacitor or not This data is 
read out by discharging the charge stored in the 
MOS capacitor of a selected cell to a correspond- 
ing bit line through a MOSFET and detecting a 
change in the potential of that bit line. 

Increasing demands have arisen recently for a 
dRAM which has a large memory capacity. A 
dRAM can have a large memory capacity when 
packing density (i.e. f density of memory cells) in 
chips of the* same size is increased. The packing 
density of MOS dRAMs has been greatly improved 
due to new developments in recent semi-conduc- 
tor, manufacturing techniques, particularly in micro- 
patterning. As a result it may be considered that a 
dRAM having a large memory capacity can be 
easily obtained by decreasing cell si2e on a chip 
substrate and increasing cell density. 

However, when the ceil si2e is just decreased, 
operational reliability of the dRAM is degraded. 
This is because the decrease in cell size also 
decreases its possible charging amount, which 
leads to degradation in the element characteristics. 
In other words, when the cell size is decreased, the 
size of a MOS capacitor in the cell is also de- 
creased, resulting in a decrease in the capacitance 
of the MOS capacitor. Therefore, when the charg- 
ing amount becomes less than a minimum level - 
(required lower limit of the possible charging 
amount, determined by the operation margin of the 
cell and a margin against noise caused by incident 
a rays), basic cell characteristics are degraded. For 
this reason, miniaturization of the cell size, i.e., 
micropatteming of the dRAM, is limited. 

The charging amount of the cell capacitor de- 
pends not only on the capacitance of the MOS 
capacitor but also on the value of the voltage 
applied thereto. It is theoretically possible to im- 
prove the charging amount of the cell capacitor by 
increasing th voltage applied thereto. In practice, 
however, increase in the applied voltage is not 
preferred since it requires increas in the power 
source voltage of th dRAM, which results in an 
increase in power consumption. 



As methods for preventing decrease in th 
capacitance of the cell capacitor in manufacturing a 
dRAM with a large capacitance, the following three 
methods may be proposed: 
s (1) to decrease the thickness of the gate in- 

sulating film; 

(2) to increase dielectric constant e of the gate 
insulating film; or 

(3) to increase the area of the capacitor elec- 
w trade. 

Among these, method (1) is limited in its ap- 
plication to a dRAM manufacturing process since 
the thickness of the gate insulating layer cannot be 

15 decreased drastically without degrading the reliabil- 
ity of the element characteristics. Therefore, meth- 
od (1) cannot be adopted. In method (2), an insulat- 
ing material having large dielectric constant e would 
be used in place of silicon oxide (SiO,), which is 

20 currently under widespread use. However, no in- 
sulating material has yet been found which satisfies 
the above conditions and which can replace silicon 
oxide (a silicon compound such as Si 3 N* may be 
proposed as a substitute, but there are inherent 

25 problems in using such a compound in the mass 
production of highly reliable dRAMs.) Therefore, 
method (2) cannot be adopted, either. As a result, 
in order to increase the capacitance of the cell 
capacitor, method (3), i.e., a method to increas 

30 the area of the capacitor electrode, must be adopt- 
ed. 

In order to increase the area of the capacitor 
electrode without decreasing the packing density of 
the dRAM, cell capacitors are conventionally 

35 formed in grooves for separating cell regions on a 
substrate. More specifically, the cell capacitors ar 
formed not on the cell regions defined by the 
grooves but in the grooves surrounding the island 
cell regions. In this case, the electrode of each cell 

40 capacitor also extends vertically along* a recessed 
section of the groove. Therefore, the area of the 
capacitor electrode is substantially increased de- 
spite the small area of the grooves, resulting in 
great improvements in the effective capacitance of 

45 the cell capacitor. 

However, in a conventional dRAM having the 
above arrangement the area of the cell region is 
increased, and an expected improvement in higher 
packing density (larger memory capacity) of the 

so dRAM cannot be obtained. This is because with the 
above arrangement the cell transistor is constituted 
by a gate electrode provided on a periphery of the 
island cell region and a drain region formed at a 
central portion of the cell region. Therefore, the 
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area of the MOS transistor in the cell is undesirably 
increased, and it is still difficult to enable a dRAM 
having good operational reliability and a large 
memory capacity (high packing density). 

It is, therefore, an object of the present inven- 
tion to provide a new and improved semiconductor 
memory device having a large memory capacity, in 
which cells having superior electrical characteristics 
can be formed on a substrate at a high packing 
density. 

According to the semiconductor device of the 
present invention, a semiconductor substrate of a 
first conductivity type is provided with grooves. 
Each memory cell consists of a single capacitor 
and a single transistor, and the memory cell ca- 
pacitors are buried in the grooves. Each cell ca- 
pacitor has a capacitor electrode layer insulatively 
provided above the bottom surface of the groove, 
and a semiconductor layer of a second conductivity 
type formed on a lower surface region of the side 
wall of one island layer. This semiconductor layer 
opposes the capacitor electrode layer to store 
charges therebetween, thereby constituting the 
memory cell capacitor. The cell transistor is also 
formed using the side wall of the groove. More 
specifically, active layers of the transistor are 
formed to be vertically stacked with the semicon- 
ductor layer of the capacitor, using as much of the 
side wall of the island layer as possible. Only the 
drain layer of the transistor is formed on the top 
surface region of the island layer. Other active 
layers, such as a channel layer, are formed on the 
surface region of the side wall of the island layer. 
The gate electrode of the transistor is buried in a 
corresponding groove so as to oppose the channel 
layer and be stacked with the capacitor electrode 
layer. With this arrangement, the memory packing 
density of the device is increased without decreas- 
ing the capacitance of the memory capacitor, thus 
achieving the above object. 

The present invention is best understood by 
reference to the accompanying drawings, in which: 
Fig. 1 is a diagram (not drawn to scale) of a 
dynamic random access memory according to 
a first embodiment of the present invention, 
and shows a plan configuration of a main 
portion of the memory device in which a plu- 
rality of island cell regions are aligned on a 
substrate; 

Fig. 2 is a diagram (not drawn to scale) taken 
along a line II -II of Fig. 1, for showing a 
sectional arrangement of the memory thereof; 
Fig. 3 is a diagram (not drawn to scale) taken 
along a line III -III of Fig. 1, for showing a 
sectional arrangement of the memory thereof; 
Rgs. 4A to 4H are diagrams (not drawn to 



scale), for respectively showing the sectional 
arrangement of the main portion of the device 
in major steps of a method of manufacturing 
the memory of Fig. 1 ; 

5 Pig. 5 is a diagram (not drawn to scale) of a 

dynamic random access memory according to 
a second embodiment of the present inven- 
tion, and shows a two-dimensional arrange- 
ment of a main portion thereof in which two 

10 cells are formed in each island region; 

Fig. 6 is a diagram (not drawn to scale) taken 
along a line VI -VI of Fig. 5. for showing a 
sectional arrangement of the memory thereof; 
and 

is Fig. 7 is a diagram (not drawn to scale) taken 

along a line VII -VII of Fig. 1, for showing a 
sectional arrangement of the memory thereof. 

Rg. 1 shows a plan configuration of the main 

20 portion of a MOS dynamic random access memory 
(dRAM) according to one embodiment of the 
present invention. Note that an oxide film layer and 
other arrangements obvious to one skilled in the art 
are omitted in Fig. 1 for the sake of simplicity. 

25 In Rg. 1, substrate 10 is comprised of a p + - 
type semiconductor material such as silicon. The 
surface of substrate 10 is provided with a plurality 
of grooves 12, which define isolated island layers 
14. Each layer 14 consists of a p"-type semicon- 

30 ductor material such as silicon. Island layers 14 
serves as independent cell regions 14, each of 
which is shaped in a rectangular parallelepiped so 
that it has a rectangular (e.g.,square) top surface 
region and four substantially vertical side walls. In 

35 this embodiment one memory cell is provided in 
each cell region 14. 

The dRAM of this embodiment has a so-called 
"folded bit line arrangement". As shown in Rg. 1 , 
the columns (cells vertically aligned in Rg. 1) of 

40 layers 14 are offset alternately by half of the cell 
pitch. Bit lines 16 extend on the columns of island 
layers 14 in the row direction (horizontal in Fig. 1) 
to be substantially perpendicular thereto. Lines 16 
connect corresponding island cell regions in every 

45 other columns. Two adjacent lit lines (e.g., lines 
16a and 16a') are connected to each other as 
shown in Fig. 1 and serve substantially as a single 
bit line. Pairs of bit lines 16a and 16a', 16b and 
16b\ etc., connected to each other are connected 

so to sense amplifiers 18a, 18b, etc. Word lines 19 
extending in the column direction (vertical in Rg. 
1) are connected to the columns of island cell 
regions 14. 

55 
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Fig. 2 shows a sectional arrangement of the 
dRAM taken along the line II -II of Fig. 1, and 
shows two island cell layers 14-1 and 14-2 in- 
cluded in two adjacent memory cell columns. As 
mentioned above, one memory cell corresponds to 
one layer 14 in this embodiment Each memory 
cell consists of single metal oxide semiconductor - 
(MOS) capacitor C and field effect transistor -' 
(MOSFET) Q. 

The arrangement of layer 14-1 will now be 
described in detail (other memory cells not de- 
scribed here have the same arrangements). In Fig. 
2, portions of layer 14-2 that are equivalent to 
those of layer 14-1 are denoted by the same refer- 
ence numerals with w,n , for the sake of simplicity. 

Ntype semiconductor layer 20 is formed on 
the lower half surface region of the side wall of 
layer 14-1. Layer 20 extends entirely along the side 
walls of the lower half of layer 14-1 (i.e., to sur- 
round the lower half of the four side wails). A 
conductive layer, such as metal layer 22, is buried 
in groove 12 at the sides of layer 1 4-1 , so as to 
oppose layer 20. More specifically, layer 22 is 
formed in a square shape to surround square layer 
20 on its outer side surfaces. The width of layer 22 
substantially corresponds to the width of groove 12. 
The height of metal layer 22 substantially cor- 
responds to the height of layer 20. The height of 
layer 20 must not be smaller than that of layer 22. 

Layer 22 serves as a capacitor electrode of 
memory cell capacitor C. Insulative layer 24 is 
filled between layers 20 and 22 to provide a ca- 
pacitive component therebetween. Layer 22 is in- 
tegrally formed with the capacitor electrode layers 
in other memory cells of other layers 14, and 
constitutes a common capacitor electrode. 

P~-type semiconductor layer 26 is formed on 
the upper half of the side walls of layer 14-1. The 
impurity concentration of layer 26 is higher than 
that of layer 14 by about 10*. Substantially square- 
ring-shaped layer 26 extends along the entire side 
walls of the upper half of layer 14-1 (i.e., to sur- 
round the four side walls) and is in electrical con- 
tact with layer 20. Layer 26 serves as a channel 
region of memory cell transistor Q. A conductive 
layer, such as metal layer 28, is buried in groove 
12 so as to oppose and surround layer 26 on its 
outer side surfaces. Layer 28 commonly surrounds 
layers 14 in the same cell column and serves as a 
gate electrode of memory cell transistor Q and a 
word line within the cell matrix. Insulative layer 30 
is filled between layers 26 and 28 to separate them 
electrically . 



Thus, the surface of the side walls of layer 14- 
1 is covered with two vertically stacked layers 20 
and 26. NMype semiconductor layer 32 is formed 
in a top surface region of layer 14-1. Layer 32 
s covers the entire surface of layer 14-1 and func- 
tions as a drain layer of cell transistor Q. With this 
transistor arrangement layer 20 of capacitor C 
described above also serves as a source layer of 
transistor Q. 

10 Insulative layer 34 made of a CVD oxide film is 
formed to bury the above arrangement. Layer 34 is 
provided with contact hole 36 at substantially the 
central portion of each drain layer 32 formed in the 
top surface of each layer 14. Bit lines 16 shown in 

is Fig. 1 consist of a plurality of aluminum layers and 
extend parallel to each other to connect holes 32. 
Thus, drain layers 32 of cell transistors Q, aligned 
in the row direction (horizontal in Fig. 1) of every 
other cell columns (i.e., vertical cell arrays in Fig. 

20 1), are connected to each other through corre- 
sponding bit Gnes 16. 

Referring to Fig. 3, a sectional arrangement of 
adjacent layers 14 in a single cell column is shown 
in detail. It is clearly understood from Rg. 3 that 

25 gate electrode layers 28 for MOSFETs of cells In 
the same column are connected in common with 
each other. Single gate electrode layer 28 is buried 
in groove 12 to simultaneously surround channel 
regions 26 and 26* formed in the side walls of 

30 adjacent island cell layers 14, as shown in Rg. 3. 

Referring to Rg. 1, in island cell layer 14 (e.g., 
layer 14-n) at a last stage directly connected to 
word lines 19 outside the cell matrix, layer 28 
serving as the gate electrode layer is formed (in an 

35 inverted container manner) so as to not only sur- 
round the four side walls of each island layer 14 
but to also cover the top surface thereof, as in- 
dicated by broken line 40 in Rg. 1. An insulating 
layer (not shown), having an identical hole to layer 

40 34 with hole 36, is formed on gate electrode layer 
28. Each word line 19 overlaps this contact hole in 
the insulating layer of last layer 14 in each column. 
Thus, respective word lines 19 outside the cell 
matrix are electrically connected to gate layers 28 

45 of last layers 14 in columns. 

In the dRAM according to the first embodiment 
of the present invention described above, not only 
cell capacitors C but also most of cell transistors Q 
are located in grooves 12, using the side walls of 

so isolated layers 14. Only drain layer 32 of transistor 
Q is- formed on the top surface region of ach layer 
14. Accordingly, the area of each layer 14 can be 
smaller than that in a conventional arrangement 
and the number of layers 14 on on chip substrate 

55 10 can be greatly increased. As a result th pack- 
ing density of the memory can b improved, en- 
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abling a dRAM having a large memory capacity. 
The present inventor experimentally manufactured 
an actual dRAM having a memory capacity about 
four times that of a conventional dRAM, on the 
same chip size. 

Particularly careful attention must be paid to 
the fact that the capacitance of cell capacitor C is 
not impaired upon improvement in the packing 
density of the memory. This is because the effec- 
tive electrode area of capacitors C buried in 
grooves 12 defining layers 14 is not at all influ- 
enced by decrease in the area of the layers 14. 
Since the effective electrode area of cell capacitors 
C is not decreased, the capacitance thereof can be 
made as large as is required, based on high re- 
liability of the memory. As a result, a dRAM having 
high operating reliability as well as large memory 
capacity can be provided. 

In addition, according to the present invention, 
cell transistors Q as well as cell capacitors C are 
partially buried in grooves 12 (specifically, the gate 
electrodes are formed therein), so that the surface 
configuration of the dRAM can be flattened. Thus, 
fine wiring patterns can be manufactured easily in 
subsequent wiring steps. This contributes to higher 
packing density and further improvement in reliabil- 
ity of the dRAM having a large memory capacity. 

A method of manufacturing the dRAM shown in 
Figs. 1 to 3 will be described with reference to 
Rgs. 4A to 4H. Figs. 4A to 4G correspond to a 
section taken along the line III -HI of Fig. 1 and 
respectively show structures obtained in major 
steps of the manufacturing method according to 
the present invention. The same reference numer- 
als in Figs. 4A to 4H denote the same parts as in 
Rgs. 1 to 3. 

Referring to Fig. 4A, p~-type semiconductor 
layer 50 is epitaxially grown on p + -type silicon 
substrate 10. Mask layer 52 is deposited on layer 
50, and photoresist film 54 is deposited thereon. 
Rim 54 is patterned to have a predetermined pat- 
tern by a known method and Jayer 52 is etched 
using film 54 as a mask, thereby obtaining the 
structure shown in Rg. 4A. 

Layer 50 is etched using layer 52 shown in Rg. 
4A so that grooves 12 defining a plurality of island 
cell layers 14 are formed on layer 50, as shown in 
Rg. 4B. Grooves 12 completely penetrate layer 50 
to reach the upper surface of substrate 10. In this 
embodiment, grooves 12 are formed to extend into 
the upper surface region of substrate 10. Tbe- 
depth of recess 55 thus formed in substrate 10 
substantially corresponds to the thickness of an 
insuiative layer (58) to be formed later. An oxide 
film containing phosphorous is deposited on the 
entire surface of the substrate body having the 



above configuration. The oxide film is annealed to 
form n~-type layer 56 (which serves as semicon- 
ductor layer 20 afterwards constituting cell capaci- 
tor C) on the entire surface region around each 
5 layer 14. Thereafter, thin oxide film 58 of about 10 
nm is formed to cover each layer 14. Note that film 
58 is also formed in recess 55 and is thus flush 
with the upper surface of substrate 10. This maxi- 
mizes of the capacitance of ceil capacitor C. 
70 Subsequently, first polycrystalline silicon layer 

60 is deposited on the entire surface of the struc- 
ture described above, thereby completely burying 
layer 14, as shown in Rg. 4c, and the upper 
surface of layer 60 is flattened. Layer 60 is then 
is etched to substantially remove the upper half 
thereof. As a result, as shown in Rg. 4D, poly- 
crystalline silicon layer 60* is formed in groove 12 
between layers 14 on substrate 10 to bury part of 
layers 14. Layer 60' provided at the bottom of 
20 grooves 12 serves as capacitor electrode 22 pre- 
viously mentioned. Because of the presence of 
recess 55 formed on the upper surface of substrate 
10, the lower surface of layer 60' is substantially 
level with lower surface of layer 56 of layer 14. If 
as recess 55 were not formed in substrate 10, the 
lower surface of the layer 60' would be higher than 
that of layer 56 because of insuiative film 58 de- 
posited on substrate 10, and the opposing areas of 
layers 60 and 56 would be decreased by the 
30 difference in height resulting in a decrease in the 
capacitance of cell capacitor C. 

Substantially the upper half of layer 14 is ex- 
posed by layer 60* formed in groove 12 as shown 
in Rg. 4D. An oxide film containing boron is depos- 
35 ited on the exposed upper portion of layer 14 and 
annealed to form p~-type semiconductor layer 62. 
In other words, n~-type layer 56 on the upper 
portion of exposed layer 14 is converted to p"-type 
layer 62 by thermal annealing. Layer 62 serves as 
40 channel region 26 of cell transistor Q. 

Referring to Rg. 4D ( lower end 62a of layer 62 
is flush with upper surface 60a of layer 60*. In the 
actual manufacturing process, however, when only 
the processing described above is performed, the 
45 upper portion of layer 56 formed in advance is set 
back by lateral diffusion of an impurity in layer 14 
during formation of layer 62. Thus, lower end 62a 
of layer 62 cannot be correctly aligned with upper 
surface 60a of layer 60V In order to prevent this, 
so the thickness of layer 60' must be slightly in- 
creased to compensate for an expected set back 
amount of the upper portion of layer 56, and layer 
60 is etched after formation of layer 62. Therefore, 
even if the upper portion of layer 56 is s t back by 

55 
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diffusion of a p-type impurity, lower end 62a of 
layer 62 can be aligned with upper surface 60a of 
layer 60 T or set higher than upper surface 60a, as 
needed. 

Thereafter, thin oxide film 64 of 20 nm thick- 
ness is formed on the entire surface of the struc- 
ture shown in Fig. 4D so as to cover the exposed 
upper portion of layer 14, as shown in Fig. 4E. 
Second polycrystalline silicon layer 66 is deposited 
on film 64 to a uniform thickness. Second layer 66 
serves as gate electrode 28 of cell transistor Q 
described with reference to Figs. 1 to 3. Second 
layer 66 is electrically isolated from first poly- 
crystalline silicon layer 60 and layer 14 by film 64. 
It should be noted that the upper surface of second 
layer 66 is not flattened but is uneven to cor- 
respond to the shape of layers 14. 

As shown in Fig. 4F, second layer 66 covering 
the upper half of layers 14 is then etched by 
anisotropic etching (e.g., reactive ion etching or 
RIE) to selectively leave only layer components 66* 
attached on the vertical side wail of each layer 14 
in groove 12. The other portions of layer 66 are 
thus removed. Then, the central portion of film 64 
formed on the upper surface of layer 60 provided 
in each groove 12 is etched using wet etching 
technique, thereby forming opening 68 and expos- 
ing layer 60 therethrough. During the wet etching, a 
portion of film 64 deposited on the top surface of 
each layer 14 is also removed, so that the top 
surface of each layer 14 is exposed, as shown in 
Fig. 4F. The portion of film 64 may be removed 
during the anisotropic etching of the layer 66. 

Note that etched polycrystalline layer 66 r cor- 
responding to layer 28 can be automatically formed 
without masking. Layers 66' commonly surround 
layers 14 in a cell array (vertically aligned arrays in 
Fig, 1) and are separated from each other between 
layers 14 in adjacent cell arrays. Etched poly- 
crystalline layers 66' (i.e.. gate electrode layers 28 
in Rg. 1) commonly surrounding layers 14 in each 
cell array constitute a word line within a cell matrix. 

An n-type impurity, such as arsenic, is im- 
planted by a known ion implantation method in the 
top surface region of each layer 14 to form n + type 
semiconductor layer 70. Layer 70 completely cov- 
ers the upper surface of layer 14, as shown in Rg. 
4F, and serves as drain layer 32 of cell transistor 
Q. 

As shown in Rg. 4G, CVD oxide film 34 is 
deposited on the entire upper surface of the struc- 
ture shown in Rg. 4F and central portions of film 
34 on the top surfaces of layers 14 are etched to 
obtain contact holes 36. Transistor drain layers 70 
ar thus exposed through holes 36. A plurality of 
aluminum bit lines 16, overlapping holes 36 in film 



34 and extending parallel to each other as shown in 
Rg. 1, are formed on film 34. Thus, a dRAM 
according to the first embodiment of the present 
invention is completed. 

5 Rg. 4H shows a sectional arrangement of other 

portions of the dRAM (i.e., last layer 14 in each cell 
column to which word line 19 is connected di- 
rectly) in the step shown in Rg. 4E. After second 
layer 66 is deposited on film 64, photoresist layer 

10 72 is deposited thereon to cover last layer 14-n in 
each cell column. Thus, during RIE, only the por- 
tion of the layer 66 which covers layer 14-n can be 
prevented from being etched, in other words, while 
second layer 66 covering most of layers 14 is 

T5 being etched to form layer 66* (see Rg. 4F) sur- 
rounding only the side surfaces of layers 14, only 
the polycrystalline silicon layer component - 
(covered by layer 72) covering last layer 14-n is 
not etched but is left. After RIE and after layer 72 

20 is removed, as shown by broken line 40 in Rg. 1, 
layer 28 (or 66') also covers the upper surface of 
last layer 14-n. Word line 19 outside the cell matrix 
is formed directly on layer 28 (or 66') which also 
covers the upper surface of each layer 14-n. Layer 

25 66* (or 28) of last layer 14-n is brought into elec- 
trical contact with line 19 basically in the same 
manner as that for other layers 14. 

According to the manufacturing method de- 
scribed above, a dRAM of the present invention 

30 which has a large memory capacity can be easily 
manufactured without using any special manufac- 
turing technique. In particular, when gate electrode 
layers 28 surrounding side walls of layers 14 are 
formed, they can be formed correctly and easily 

35 since no mask of a special form is needed. 

A dRAM according to the second embodiment 
of the present invention will be described with 
reference to Rgs. 5 to 7. According to the first 
embodiment one memory cell is formed in each 

40 layer 14. However, according to the second em- 
bodiment to be described below, two memory ceils 
are formed in each layer 14, so that the memory 
packing density is further improved. The two-di- 
mensional configuration of the memory cell is ap- 

45 parent from Rg. 5. The same reference numerals 
in Rgs. 5 to 7 denote the same parts as in the first 
embodiment and a detailed description thereof will 
be omitted. 

Referring to Rg. 5, the two-dimensional dis- 
so tribution of lay rs 14 on substrate 10 is basically 
the same as that of the first embodiment. However, 
note that two separated gat electrode layers 80 
and 82 ar provided for each column of cell array 
(vertically aligned cells in Rg. 5). Reld oxid film 
55 84 is buried between layers 80 and 82 in each 
column of ceil array, thereby I ctrically isolating 
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layers 80 and 82. Rim 84 is formed to longitudi- 
nally divide gate electrode layers 80 and 82 of the 
same column along their extending direction in a 
manner apparent from Fig. 7 (thick broken lines are 
used in Fig. 5 to indicate portions of films 84 
stacked under bit lines 16.) More specifically, two 
gate electrodes 80 and 82 are provided on both 
sides of each layer 14 which oppose each other 
and are insulated from each other by film 84 (see 
Fig. 6). 

Referring to the sectional arrangement of the 
dRAM in Fig. 6 taken along the line VI -VI of Fig. 5, 
capacitor electrode layer 22 which is common for 
all memory cell capacitors CI, C2,..., Cn is buried in 
the bottom of grooves 12 defining separated island 
cell layer 14 in the same manner as in the first 
embodiment. The second embodiment is different 
from the first in that the square-ring-shaped semi- 
conductor layer formed in the lower half of the side 
wall of each layer 14 to oppose common capacitor 
electrode 22 is divided into two C-shaped layers 86 
and 88. N~-type semiconductor layers 86 and 88 
are formed in respective side walls of the lower half 
of each layer 14, and thus, two cell capacitors CI 
and C2 are formed in one layer 14. 

Square-ring-shaped p*-type semiconductor lay- 
er 90 is formed to surround the side walls of the 
upper half of each layer 14 and extends between 
layers 86 and 88 where they approximate in the 
column direction (i.e., vertical in Fig. 5). Layer 90 
serves as a channel for each of two cell transistors 
Ql and Q2 in one layer 14. The height of the 
portion of channel layer 90 above layers 86 and 88 
is set to be substantially the same as those of gate 
electrode layers 80 and 82. One drain layer 32 is 
formed in the entire top surface region of each 
layer 14 in the same manner as the first embodi- 
ment More specifically, layer 32 serves as a com- 
mon drain electrode for two cell transistors Ql and 
Q2 formed on both sides of layer 14. 

Returning now to Fig. 5, terminal ends of two 
gate electrode layers 80 and 82 are connected to 
word lines 96 and 98 through contact holes 92 and 
94, respectively. Other configurations of the device 
in Fig. 5 are the same as in the first embodiment 

According to the second embodiment of the 
present invention having the above configuration, 
memory cells of substantially twice the number of 
the first embodiment can be obtained on. substrate 
10 in the same area, so that the memory capacity 
of the dRAM can be doubled. Since the number of 
layers 14 formed on substrate 10 is unchanged 
despite this increase in memory capacity, dRAMs 
can be manufactured at a high yi Id without requir- 
ing special micropatterning techniques. In addition, 
when th dRAM of th second embodiment is 



manufactured, field oxide film 84 can be formed 
after formation of layers 14 on substrate 10 in the 
step shown in Fig. 4B of the first embodiment. The 
number of manufacturing steps thus need not be 

s greatly increased, and the configuration of the sec- 
ond embodiment can be enabled with ease. 

Although the present invention has been shown 
and described with reference to particular embodi- 
ments, various changes and modifications which 

10 are obvious to a person skilled in the art to which 
the invention pertains are deemed to lie within the 
scope of the invention. 

For example, in the first embodiment, a gate 
electrode continuous in one direction is formed in a 

75 technique which can leave a side wall of a second 
layer polycrystalline silicon film without masking. 
This is enabled by decreasing the gap between 
vertically adjacent island semiconductor layers in 
Fig. 1 to be smaller than that between horizontally 

20 adjacent island semiconductor layers. If grid-like 
grooves are formed at a constant pitch so that the 
gaps between the island semiconductor layers are 
identical in any direction, masking must be per- 
formed for arranging gate electrodes continuously 

25 in one direction. In this case, the following steps 
may be adopted. The second layer polycrystalline 
silicon film is deposited thicker than required when 
the structure of Fig. 4E is formed. Portions formed 
by connecting gate electrodes between adjacent 

30 island semiconductor layers are covered by a 
mask, the second polycrystalline silicon film is 
etched to a predetermined thickness, the mask is 
removed, and the film left on the side wall is 
etched in the same manner as in the first embodi- 
35 ment 

Claims 

1 . A semiconductor device wherein a semiconduc- 

40 tor substrate (10) of a first conductivity type is 
provided with grooves (12) which are formed on 
said substrate (10) to define a plurality of island 
layers (14) having side surface regions and top 
surface regions, and wherein memory cells each of 

45 which comprises a capacitor (C) and a transistor 
(Q) are formed on said substrate (10), character- 
ized in that said capacitor (C) is buried in a groove 
(12) surrounding one island layer (14) and com- 
prises a capacitor electrode layer (22) insulatively 

50 provided over the bottom surface of said groove - 
(12), and a semiconductor layer (20, 86, 88) of a 
second conductivity type formed in the side sur- 
face region of said groove (12) to face said capaci- 
tor electrode layer (12), and that said transistor (Q) 

55 comprises a gate electrode layer (28, 80. 82) which 
is formed in said groove (12) so as to be in- 
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sulatively stacked over said capacitor electrode lay- 
er (22) and which faces the corresponding side 
surface region of said island layer (14). 

2. The memory device according to claim 1, char- 
acterized in that sad transistor comprises: 

a second semiconductor fayer (32) of the first con- 
ductivity type serving as a drain layer of said 
transistor and formed on said top surface region of 
said island layer; and 

a third semiconductor layer (26, 90) of the second 
conductivity type being formed on said side sur- 
face region of said island layer (14) so as to serve 
as a channel region of said transistor (Q). 

3. The memory device according to cfaim 2, char- 
acterized in that said second semiconductor layer - 
(32) is formed to cover said top surface region of 
said island layer. 

4. The memory device according to claim 3, char- 
acterized in that said first semiconductor layer (20) 
and said gate electrode layer (28) are formed in a 
square-shaped manner to surround said side sur- 
face of said island layer, thereby providing one cell 
transistor and one cell capacitor in each island 
layer. 

5. The memory device according to claim 3, char- 
acterized in that said first semiconductor layer is 
divided into two Oshaped fayer components (86 t 
88} which are electrically separated from each oth- 
er, thereby providing two cell capacitors in each 
island layer. 

6. The memory device according to claim 5, char- 
acterized in that said gate electrode layer is di- 
vided outside said island layer into two C-shaped 
layer components (80. 82) which are electrically 
insulated from each other, thereby providing two 
cell transistors (Of, Q2) in each island layer (14). 

7. A manufacturing method of a semiconductor 
memory device, characterized in that a plurality of 
island layers (14) having side surface regions and 
top surface regions are formed on a semiconduc- 
tive substrate (10) of a first conductive type which 
are defined by grooves (12) having bottom sur- 
faces, characterized in that said-method comprises 
the steps of: 

forming a capacitor (C) in a groove (12) surround- 
ing an island layer (14), said capacitor (C) compris- 
ing a capacitor electrode layer (22) which is in- 
sulatively provided over the bottom surface of said 
groove (12), and a semiconductor capacitor layer - 
(20, 86. 88) of a second conductivity type formed 
in the side surface region of said groove (12), said 
capacitor layer (20,86, 88) being formed in said 
side surface region of said groove (12) to face said 



capacitor electrode layer (22); and 

forming a transistor (Q) in said island layer (14), 
said transistor (Q) comprising a gate electrode lay- 

s er (28, 80, 82) formed in said groove (12) so as to 
be insulafively stacked over said capacitor elec- 
trode layer (22), said gate electrode layer (28, 80, 
82) facing the corresponding side surface region of 
said island layer (14). 

to 8. The manufacturing method according to claim 7 t 
characterized in that said capacitor (C) is formed 
by: 

implanting an impurity of the second conductivity 
15 type in the surface region of said island layer, 
thereby forming a first semiconductor layer (56) of 
the second conductivity type corresponding to said 
semiconductor capacitor layer in the surface region 
of said island layer to cover at least side surfaces 
20 thereof; and 

providing a first conductive layer (60') correspond- 
ing to said capacitor electrode layer in said groove 
surrounding said island layer to surround side sur- 
25 faces of substantially a lower half of said island 
layer, such that substantially an upper half of said 
island layer is exposed. 

9. The manufacturing method according to claim 8, 
characterized in that said transistor is formed by: 

30 

implanting an impurity of the first conductivity type 
in the exposed upper half of said island layer (14), 
thereby forming, on the exposed surface of said 
island layer, a second semiconductor layer (62) of 
35 the first conductivity type which serves as a chan- 
nel region of said transistor; 

forming a second conductive layer (66*) in said 
groove to surround side surfaces of said second 
40 semiconductor layer formed in the surface region 
- of the upper half of said island layer; and 

implanting an impurity of the second conductivity 
type in the top surface of said island layer, thereby 
45 forming a third semiconductor layer (70) which 
serves as a drain layer of said transistor to cover 
the top surface of said island layer. 

10. The manufacturing method according to claim 
7, characterized in that the capacitor-forming step 

so comprises the steps of: 

implanting an impurity of the second conductivity 
type in the surface region of said island layer, 
thereby forming a first semiconductor layer of the 
55 second conductivity type therein to cover at least 
said side surfaces of said island layer, said first 



8 



15 



0 198 590 



16 



semiconductor layer being divided into two C- 
shaped layer components (86, 88) which are elec- 
trically separated from each other around said is- 
land layer, and said C-shaped layer components - 
(86. 88) serving as two semiconductor capacitor s 
layers of two neighbouring cell capacitors; and 

providing a first conductive layer (60') in said 
groove surrounding said island layer to surround a 
side surface of substantially a lower half of said 10 
island layer, such that substantially an upper half of 
said island layer is exposed. 
11. The manufacturing method according to claim 
10, characterized in that the transistor-forming step 
comprises the steps of: 75 

implanting an impurity of the first conductivity type 
in the exposed upper half of said island layer, 
thereby forming a second semiconductor layer - 
(90) of the first conductivity type in the exposed 20 
surface of said island layer; 



forming a second conductive layer in said groove 
to surround the side surface of said second semi- 
conductor layer (90) formed in the surface region 
of the upper half of said island layer such that the 
top surface of said island layer is exposed, said 
second conductive layer (90) being devided out- 
side said island layer into two C-shaped layer com- 
ponents (80 t 82) serving as two gate electrode 
layers of two neighbouring cell transistors; 

providing an insulative layer (84) between said two 
C-shaped layer components (80, 82); and 

implanting an impurity of the second conductivity 
type in the exposed top surface region of said 
island layer, thereby forming a third semiconductor 
layer (70) which serves as a common drain layer of 
said two neighbouring cell transistors (Q1, Q2) to 
cover said top surface of said island layer. 
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FIG. 7 



